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1 Canonical parameter & canonical series
$\mathrm{C}$ , Weierstrass form
$\mathrm{Y}^{2}+a_{1}X\mathrm{Y}+a_{s}\mathrm{Y}=x^{\mathrm{s}}+a_{2}X^{2}+a_{4}X+a_{6}$ $(a_{i}\in \mathbb{Z})$ (1)
. (1). $\Delta=\Delta(\mathrm{C})$ .
( , , (1) minimal model ,
$\Delta$ , $N$ )
, $\mathrm{C}$ $\mathrm{O}$ abel .
$\mathrm{O}$
$t$ , $X,$ $\mathrm{Y}$ $\mathrm{C}$ ,
.
$X=t^{-2}+x_{-1}t^{-1}+x_{0}+x_{1}t+x_{2}t^{2}+\cdots$ $(x_{i}\in \mathbb{Q})$ . (2)
$\mathrm{Y}=t^{-s-}+y_{-}2t2+y-1t+-1y_{0}+y1t+\cdots$ $(y_{j}\in \mathbb{Q})$ (3)




$3x_{0}$ $-2y_{-1}$ $=$ $-a_{2}+a_{1}x_{-1}-3x_{-1}2+a_{1}y_{-2}+y_{-2^{2}}$
$3x_{1}$ $-2y_{0}$ $=a_{\}-2a_{2}X-1-X-1^{3}+a_{1}x0-6X-1x0$
$+a_{1}x_{-1}y-2+a_{1}y-1+2y-2y-1$
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,$x_{\hslash}=y_{n}-1$ $(n\geq-2)$
, $X,$ $\mathrm{Y}$ t- (4) . ,
, $x_{-1}$ , $x_{0}$ , $\cdot$ .. , $y_{-2},$ $y-1$ , ... .
, $X,$ $\mathrm{Y}$ $x:(i\geq-1),$ $y_{j}\langle j\geq-2$)
, $t$ ( $\mathrm{C}$ $\mathrm{O}$ ) integral parameter
.
$t$ integral parameter ,
$t=\phi/(t)=t+r2t^{2}+r_{\}ts+$ $\cdot$ .. $(r:\in \mathbb{Z})$ (6)




$C$ $0$ 1 . $\mathrm{O}$ $t$ ,
$X,$ $\mathrm{Y}$ (2), (3) ,
$\Omega_{t}=\frac{-l}{2\mathrm{Y}+a\iota X+a_{s}}t+\mathrm{c}2t^{2}+\mathrm{c}iota^{\epsilon}+$ $\cdot$ .. $(ci\in \mathbb{Q})$ (7)
. $t$ integral , $\mathrm{c}_{2},cs,$ $\cdots$ .
$\mathrm{C}$ zeta






, integral parameter $t.\text{ _{ } }$
.
Proposition 1.1 $P$ $P\{\Delta$ , $c_{\mathrm{p}}\equiv a_{P}$ (mod $p$).
$p\{\Delta$ , $Lc_{\mathrm{P}},(s)$ Riemaxm $|a_{p}|\leq 2\sqrt{p}$ .
, $p\geq 17$ , $2 \sqrt{p}\leq\frac{1}{2}p$ , , .
$p\{\Delta,$ $p\geq 17,$ $| \mathrm{C}_{\mathrm{P}}|\leq\frac{p}{2}$ $\Rightarrow$ $c_{p}=a_{\mathrm{P}}$
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DefnitiOn 1.1 $\mathrm{C}$ integral parmeter $i$
$c_{n}=a_{n}$ $’(n\geq 1)$
, $t$ . $C$ canonical parameter .
$I$
, canonical parameter $t$ $X$,Y (2), (3)
$\mathrm{C}$ canonical $\epsilon \mathrm{e}\mathrm{r}\mathrm{i}\mathrm{e}\S$ 4\, , $\mathrm{C}$ canonical system
.
1.1
$\mathrm{C}_{1}$ : $\mathrm{Y}^{2}+\mathrm{Y}.=X^{\}-x^{2}-1\mathrm{o}x-20$ $\Delta(\mathrm{C})=-11^{5}$
. $\mathrm{r}_{0}(11)$ $\mathbb{Q}$ –
. , $X,\mathrm{Y}$ $z$





, $\omega=2\pi i\Omega_{q}dZ$ ,
$\Omega_{q}=q-2q-q^{s_{+}}2q4+q^{5}+2q-2q^{\tau \mathfrak{g}10}-20q-2q$
$+q^{\iota 1}-2q12+4q^{1}+cdots$




$\mathrm{x}(1-\frac{1}{11^{\iota}})^{-1}(1-\frac{4}{13^{l}}+\frac{13}{13^{2\iota}})^{-1}\cdot\cdot$ : :. $.$ .
$\mathrm{C}_{1}$ da (Eichler- Shimura).




$\mathrm{C}$ – integral paraaneter $t$ , $X=X(\iota),$ $\mathrm{Y}=\mathrm{Y}(t)$
, (2), (3) . , (7) ,
$\Omega_{t}$ . ,
$h(t)=t+ \frac{c_{2}}{2}t^{2}+\frac{c_{\}}{3}t^{\mathrm{s}}+\cdot\cdot.\cdot=\int\Omega_{\ell}\frac{dt}{t}$ (11)
, $\mathrm{C}$ $\mathbb{Z}$ formal group $C(u, v)=ot(u,v)$
(T.Honda).
$C_{t}(u,v)=h^{-1}(h\{u)+h(v))=u+v+\ldots\in \mathbb{Z}|[u,v]]$
$\mathrm{C}$ integral parameter $t$ $t$ ’ , (6)
, $t’=\emptyset(t)$ formal group $C’=\mathit{0}_{t}$, ,
:
$\phi(o\mathrm{t}u,v))=C’1\phi(u),\emptyset(v))$
, $\phi(.i)$ formal group $C$ formal group $C’$
.





Theorem 2.1 (T.Honda) $Fo$ rmal group $C_{\ell}\langle u,v$ ) \ddagger $\text{ }$ formal $groupG(u,v)$
– .
, $C$ integral parameter $t$ , formal
group $C_{t}(u,v)$ $G(u,v)$ – . ,
$c_{n}=a_{n}$ $(n\geq 1)$
,
Theorem 2.2 (T.Honda) $\mathbb{Q}$ $C$ canonical
system – .
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, $n\geq-1$ , $x_{\hslash},$ $yn-1’ Cn+\epsilon$ ,
.
$nx_{n}+2y_{n-1}+2\mathrm{c}_{n+\}=B_{n}$ (13)
, $B_{\mathrm{n}}$ $a_{1},a_{8},$ $\mathrm{C}_{2},$ $\cdots,$ $\mathrm{C}_{n-1},$ $X_{-1},$ $\cdots,$ $Xn-1$ , , $y-2,$ $\cdots,$ $y_{n-}2$
.





, $n=-1,0,1$ , $\cdot$ .. , $x_{n},$ $y_{n-1}\mathrm{t}n\geq-1$) –
; , (2), (3) $C$ canonical system
.
..
, $C$ zeta , canonical
$\S \mathrm{y}_{8\mathrm{t}}\mathrm{e}\mathrm{m}$ , , zeta .





$\{x_{n}\}_{n\geq}-1$ , $\{y_{n}\}_{n\geq 2}-$ , $\{c_{n}\}_{n\geq 2}$
(i), (\"u) – .





, $a_{1}$ \equiv a$\equiv O (mod 2) $c_{2}=0$
$(b)$ $p\mathrm{t}\Delta(\mathrm{C})$ , $c\mu=\mathrm{c}_{\mathrm{p}}ck-\mathrm{P}1-p\mathrm{C}\mathrm{P}^{k}-2$ $(k\geq 2)$
$(c)$ $p|\Delta(\mathrm{C})$ , $c_{p^{k}}=c_{\mathrm{p}^{k}}$
,
$\{$








. , (15) $\{x_{n}, y_{n-1}\}$
, $2(n+3)$ – .
, (15) $n=-1$ ,
$n+3=\mathrm{p}$ $p\leq 13$ , (ii) $c_{p}$ –
, $\mathrm{c}_{p}$ , (15)
. ,
, , – .
, $\mathrm{C}$ zeta ,
$P$ zeta $L_{C,p}(\ell)$ ( $p$ good bad )
, .
.
2.1 11 3 (
Cremona). 1 11 $\mathrm{C}_{1}$ , 2 $\mathrm{C}_{2},$ C$
. canonical system . 3
degree 5 isogeny , zeta
$\mathrm{C}_{1}$ zeta – .
(i)







$\mathrm{c}_{\}$ : $\mathrm{Y}^{2}+\mathrm{Y}=x^{3}-X^{2}$ $\Delta=-11,$ $N=11$
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3 . Taniyama-Shimura canonical system
$\mathrm{C}$ caninical system $X=X(t),$ $\mathrm{Y}=\mathrm{Y}(t)$ , $t=q=$
$\exp\langle 2\pi iz$) , $X,$ $\mathrm{Y}$ $z$ . $\omega=2\pi i\Omega_{q}dZ$ $\Omega_{q}$ zeta
.
$\Omega_{\sigma}=q+c2q+Csq2\mathrm{s}+C4q+c\mathrm{s}4q^{5}+$ $\cdot$ .. (18)
$q$- . - , $\mathrm{C}$ $N$ ,
$\Omega_{q}$ $z$ , $\Gamma_{0}(N)$ weight 2 cusp form .
, $X,\mathrm{Y}$ $z$ modular $\text{ },$ $\mathrm{C}\mathrm{a}\mathrm{n}\mathrm{o}\grave{\mathrm{n}}$ ical sereies
$.q$- .
. , $N$ .square free , -
(Wiles) , $C$ canonical parameter $q=.\exp(2\pi i_{Z})$ ,
caninical series modular $X,$ $\mathrm{Y}$ q- .
, - , canonical series $\mathrm{C}$ modular
– .
, , canonical parameter $q$ .
4 Isogeny canonical systems
2 $C$ , C’ isogeny $\lambda$ : $\mathrm{C}arrow C$ ’ , $C$
canonical series $X(q),\mathrm{Y}(q)$ $\lambda$ $C$ ’ canonical series $X’(q),\mathrm{Y}\prime 1q)$
:
$\lambda(X,\mathrm{Y})=[d_{\lambda}]\langle X’(q),\mathrm{Y}’(q))$ $(d_{\lambda}\in \mathbb{Z})$




, $\lambda$ dual isogeny $\lambda^{*}$
$d_{\lambda}d_{\lambda}\cdot=\deg\lambda$
, $\deg\lambda=p$ ( ) ,
$|d_{\lambda}|=1,$ $|d_{\lambda}\cdot|=p$ $|d_{\lambda}|=p,$ $|d_{\lambda}\cdot|=1$
,
$|d_{\lambda}|=1$ , $\mathrm{C}\frac{p_{\mathrm{t}}}{}$,C’
, $N$ $\mathrm{i}_{8\mathrm{O}}\mathrm{g}\mathrm{e}\mathrm{n}\mathrm{y}$ class .
,
. $d_{\lambda}$ , G. Stevens
.
$.\text{ }4.1$ 11 11, 21 3 $\mathrm{C}_{1}$ $C_{2},$ $\mathrm{C}_{1}$
C3 $\deg 5$ isogeny $\lambda_{12},$ $\lambda_{1S}$ . ,
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